pidemiological studies have demonstrated that shorter sleep times are associated with an increased likelihood of obesity as defined by body mass index (BMI). Gangwisch, et al. analyzed the data collected in the NHANES-1 Study, a cross-sectional study using a probability sample of civilian non-institutionalized adults in the United States.
2005. Two hundred people agreed to participate; four refused. Patients were visiting the clinic for scheduled medical care. Participants were administered a lifestyle questionnaire by an independent individual surveyor who collected all responses. The clinic records provided medical diagnoses. Two authors (DB, AK) worked as attending physicians during this study and were onsite for supervision. We did not record information on medication use. This study was approved by the Institutional Review Board at Texas Tech University Health Science Center.
Measures
The outcome of interest was the patient's body mass index (BMI), weight in kilograms divided by the square of height in meters -kg/m 2 , at time of clinic visit. Heights and weights were measured by clinic staff. The World Health Organization suggests the following international BMI classification: underweight (BMI < 18.5 kg/m 2 ), normal (18.5 kg/m 2 < BMI < 25 kg/m 2 ), overweight (25 kg/m 2 ≤ BMI < 30 kg/m 2 ), obese (30 kg/m 2 ≤ BMI < 35 kg/m 2 ), very obese (35 kg /m 2 ≤ BMI < 40 kg/ m 2 ), and morbidly obese (40 kg/m 2 < BMI). However, for this analysis, we focused only on the clinical definition of obesity; patients were classified as either not obese (BMI < 30 kg/m 2 ) or obese (BMI ≥ 30 kg/m 2 ). The predictor variable of interest was the patient's number of hours of sleep obtained each night or total sleep time (TST). Self-reported regular bed times (to the nearest quarter hour) and wake times (to the nearest quarter hour) were recorded. The exact questions were "what time do you go to sleep?" and "what time do you get up?" Bedtime was defined as the time the patient went to bed with the intent to fall asleep. Patients were asked about the regularity of their bed and wake times. If these times varied, additional questions were asked regarding the patient's range of bedtimes and wake times during the week prior to the clinic visit. The patients were also questioned about nap frequency and length. However, for this analysis, we used total sleep time at night, defined as the number of hours between the self-reported regular bedtime and selfreported regular wake time. This approach was used in earlier studies. 1, 2, 4 No questions were asked about the quality of sleep. Control variables in this study included age, gender, work status, disabled status, number of daily meals, diet status, physical activity, smoking, alcohol consumption, and the presence of the following diagnoses: diabetes (n=80), hypertension (124), coronary artery disease (35), heart failure (26), arthritis (101), sleep apnea (17) , and COPD (36). One hundred and seventy-eight patients had at least one of these diagnoses. Smoking status was defined by three categories: current, former, and never smokers. Physical activity was classified as either active (regular exercise not further quantified) or inactive. Alcohol consumption was categorized as zero drinks per week or one or more drinks per week. All status and medical condition variables were binary (Yes/No).
Statistical Analyses
All statistical analyses were conducted using the statistical software package R version 1.8.1. General demographics, lifestyle characteristics, and medical diagnoses in the study population were summarized with means and standard deviations, medians and ranges, or categorical counts. One male patient of excessive BMI (76.4) was excluded as an outlier. For the univariate analysis, t-tests were used to test for significant subgroup differences in both the BMI means and TST means.
We used multivariate logistic and linear regression analyses to model the relationship between obesity and the total sleep time quartiles adjusting for gender, age, work status, disabled status, number of meals, diet status, physical activity, alcohol consumption, and the presence of all aforementioned medical diagnoses. For the logistic regression, significant variables were determined by 95% confidence intervals for odd ratios; for the linear regression, p-values were used. Since the results of the linear regression mirrored those of the logistic regression, we focused the remainder of our analyses on predicting obesity status using logistic regression. The overall significance of the models was determined by Wald chi-square tests. In subgroup analyses, we separately stratified the patients by gender (M/F) and by age group (18-49/>50) and performed multivariate logistic regression analyses on these subgroups.
RESULTS
The final study population included 74 men (37.2%) and 125 women (62.8%). The median age was 54 with a range of 18 to 89. The mean BMI was 30.1 ± 7.9 kg/m 2 . Eighty-two patients (41.2%) were obese (BMI ≥ 30 kg/m 2 ). Univariate analyses indicated several statistically significant differences in mean BMI: women are heavier than men, young patients (18-49) are heavier than older patients (> 50), patients eating three or more meals per day are lighter than patients who eat fewer than three, patients on a diet are heavier than those who are not, and patients with sleep apnea are heavier than those without this diagnosis (p < 0.05; Appendix). Population and lifestyle characteristics are summarized in Table 1 .
The mean total sleep time was 7.89 ± 1.91 hours. The median sleep time was 8.00 hours (Q1=7, Q3=9). Eighty patients (40.2%) took naps with a median nap length of one hour. Univariate analyses indicated the following statistically significant differences in mean TST: working patients slept less than those not working, current smokers slept less than former or never smokers, and patients with coronary artery disease slept less than those without coronary artery disease (p < 0.05; Appendix). Sleep time and its variability are summarized in Table 2 .
Prior to any modeling, we explored the relationship between total sleep time and body mass index (Figure 1 ). In Figure 1a , the individual and mean BMIs are graphed for each unique TST value. The TST subgroups clearly do not demonstrate a linear trend in BMI. The change in BMI associated with a one-hour increase in TST is dependent on the number of hours of sleep and not constant as would be assumed by a model with TST as a continuous variable. In addition, logistic regression analyses predicting obesity (<30/>30) with each hour of sleep as a predictor variable generated log odds that were far from linear (results not shown). Figure 1a also indicates a wide range of sample sizes for the TST subgroups. Since very few subjects reported either very low or high total sleep times, we would not be confident in the generated odds ratios for those extreme TST values. For these reasons, total sleep time ultimately was categorized by quartiles to create roughly equal-sized groups of adequate size to support multivariate models; quartiles also generated easily relatable categories of total sleep time: <7; [7] [8] ; (8-9]; >9 hours of sleep per night (distribution in Table 2 Logistic regression was used to model the relationship between all factors of interest and obesity status (BMI ≥ 30 kg/m 2 ) ( Table  3 ). In the unadjusted analyses, the likelihood of obesity significantly increased with short sleep times (< 7 vs. (8) (9) ) (Odds Ratio [OR] 2.41), young age (18-49) (OR 2.75), a positive response to "Are you on a diet?" (OR 3.77), never smoking (vs. currently smoking) (OR 2.00), and a clinical diagnosis of apnea (OR 3.84).
In the multivariate adjusted model, the factors significantly associated with obesity included sleep times ≤8 hours (<7 vs. (8) (9) , OR 2.93; [7] [8] vs. (8) (9) , OR 2.88), female gender (OR 2.44), young age (OR 4.62), and selected lifestyle characteristics and medical diagnoses ( Table 3 ). The overall model was significant (p < 0.0001). The interaction between gender and TST first noted in Figure 1 was also modeled in a more complex multivariate adjusted logistic regression (results not shown). While a significant difference in the TST quartile distributions exists, the complexity of the model decreased its ease of interpretability and was not well supported by the size of the study.
The patients were stratified by gender and age for additional exploratory subgroup analyses (Table 4) . A U-shaped relationship in women emerged; both short and long sleep time quartiles (<7; [7] [8] ; >9) were associated with obesity when compared to the reference quartile of (8) (9) . Men were more likely to be obese if they were between the ages 18 and 49. Use of alcohol was associated with obesity in men and older patients (>50). Men were more likely to be obese if diabetic; women were more likely to be obese if hypertensive. Sleep apnea was associated with an increased likelihood of obesity in women and older patients. All subgroup models were significant (p < 0.0001).
DiScUSSiOn
This study found that sleep time, patient demographics, lifestyle characteristics, and some medical diagnoses have a significant association with obesity as defined by a BMI ≥ 30 kg/m 2 . In the overall model sleep times less than the reference quartile of (8, 9] hours increased the likelihood of obesity. Young age , acknowledging dieting, never smoking, drinking alcohol, and the diagnoses of hypertension, diabetes and sleep apnea also increased the likelihood of obesity in this model. Our results demonstrate that short sleep times have a significant association with obesity in internal medicine patients with common chronic medical problems. Moreover, they indicate that these chronic diseases and attendant therapies and/or changes in physical activity do not obscure this relationship.
Vorona, et al. have reported the only information currently available on the relationship between sleep time and obesity in patients attending primary care clinics. 3 This study included 924 subjects with an age range of 18 to 91. Mean BMI in this population was 30 ± 7 kg/m 2 . Thirty-nine percent of the subjects had hypertension, 17% diabetes, 9% CAD, and 33% arthritis. Men slept less than women (7.5 vs. 7.9 hours, p = 0.009). Obese patients had a significantly shorter total sleep time than patients with a normal weight, but there was no significant interaction between gender and BMI in the total sleep time analysis. The average difference in total sleep time between the normal and obese groups was 1.86 hours per week. The average difference in BMI was 10 kg/m 2 . Consequently, a one hour decrease in sleep time per week was associated with an increase in BMI of 5.4 kg/m 2 in this cohort. These authors found no clear relationship between medical diagnoses and sleep time but did find an increased BMI in patients with some diagnoses. Our univariate analyses mirror these results. In addition, we used multivariate logistic regression to model the relationship between sleep time and obesity while controlling for other factors, including clinical diagnoses, and found a significant difference between men and women. Furthermore, in our models stratified by gender, both short sleep time and long sleep time quartiles (when compared to the reference quartile) had an association with obesity in women.
Gangwisch, et al. analyzed the information pertinent to sleep and obesity collected in the NHANES-1 Survey.
1 This survey included both longitudinal (8073 subjects) and cross-sectional (9588 subjects) data from a probability sample of the civilian non-institutional population in the United States. They found that subjects in the age range of 32 to 49 who slept <7 hours per night Short Sleep Times and Obesity 
were more likely to be obese than subjects who slept ≥7 hours per night. The odds ratio for obesity for subjects sleeping 2 to 4 hours per night was 2.35 (95% CI 1.36-4.05) when compared to subjects sleeping seven hours per night after adjustment for potential confounding variables. When gender was analyzed, the association between short sleep duration at night and obesity occurred only in women. Subjects with short sleep times (2-4 h) tended to gain weight over time, but this trend was not statistically significant. There was a nonsignificant trend towards increased obesity in men who slept >9 hours per day and in women who slept >8 hours per day. We found a statistically significant association between obesity and both short and long sleep times in females. Furthermore, our patients did not have the same degree of sleep restriction, as only 5% slept <4 hours. This result suggests that less sleep restriction in patients has the potential for greater adverse effects on weight gain than in normal subjects from population studies. Singh, et al. collected information using telephone interviews with a population-based sample of 3158 subjects.
2 These participants reported their sleep times at night over the previous 2 weeks which were then converted to a weighted total sleep time average by the investigators. The overall prevalence of obesity in the sample was 24.8%. Subjects who slept <6 hours had a higher prevalence of obesity than subjects in the reference group (7-8 hr). After correction for confounding factors, including age, sex, snoring, hypertension, and alcohol intake, their odds ratio was 1.7 (95% CI 1.3-2.3). These investigators did not report any dif- Figure 1a , the individual BMIs are plotted versus the TSTs in open circles. The mean BMI for each TST value is plotted in black; the BMI range for each TST value is marked by a dashed grey line. In Figure 1b , boxplots illustrate the BMI distribution for each TST quartile for all patients. The top of the box is the 3 rd quartile BMI; the black line across the box is the median BMI; and the bottom of the box is the 1 st quartile BMI. Outliers are plotted as circles. Figure 1c and Figure 1d illustrate the BMI distributions for each TST quartile for men and women respectively. In all four subfigures, a horizontal line is graphed at BMI = 30 kg/m 2 , the obesity cut point. ferences between men and women in their analysis. The prevalence for obesity plotted against total sleep time appeared to have a U-shaped distribution but was not significant at the upper end. In contrast, the Wisconsin Sleep Cohort Study (1024 subjects) did find a significant U-shaped relationship between the average sleep time at night and BMI after adjustment for age and gender.
4
The minimum BMI occurred around 7.7 hours of nightly sleep. Other studies, including our study with clinic patients, have also reported U-shaped associations between total sleep times and BMI, especially in women. [5] [6] [7] The overall effect of sleep restriction on BMI is modest, and the BMI in the Wisconsin cohort increased approximately one kg/m 2 when the average nightly sleep decreased from 8 hours to 5 hours. The effect of a change in sleep time on BMI reported in our study with patients was much less pronounced than the effect calculated by Vorona, et al; this difference probably reflects the complex set of factors which influence BMI.
Several factors could explain the relationship between short sleep times and increased BMIs and/or obesity in patients. This association may reflect mere caloric opportunity as patients with shorter sleep periods are awake for longer periods and have more opportunities to eat. It may also reflect habitual inactivity associated with short sleep periods in some patients resulting in decreased energy expenditure. For example, Vioque, et al. reported that obese subjects spend more time watching television than nonobese subjects, and Cournot, et al. found that an increased BMI is associated with low physical activity and television watching. 8, 9 Chronic medical problems could influence both sleep time and weight gain and possibly explain these observations. Sleep apnea, for example, could reduce sleep times and increase body weight. Multivariate analysis allows for adjustment for these potential confounders but requires the inclusion of all relevant factors in the model. Unknown confounders omitted from data collection would prevent corresponding adjustments. Finally, disease chronicity could create complex interactions not apparent in a crosssectional study.
Interactions among hormones, appetite regulation, and sleep time could also explain the association between obesity and short sleep periods. Taheri, et al. studied 1,024 subjects in the Wisconsin cohort who provided a 6-day diary, completed a questionnaire regarding sleep times, and had overnight polysomnography followed by blood sampling in the morning. This study demonstrated that short sleep periods were associated with reduced leptin levels and elevated ghrelin levels. 4 The hormones ghrelin and leptin modulate appetite; in particular, elevated ghrelin levels and reduced leptin levels should increase appetite. Experimental studies have demonstrated that acute sleep restriction decreases serum leptin levels, increases ghrelin levels, and increases appetite, especially for carbohydrate rich food. [10] [11] [12] The data reported by Taheri (Table 2 , Reference 4) also indicate that men and women of the same age and BMI have different leptin and ghrelin levels. The higher ghrelin levels in female subjects may help explain the D Buscemi, A Kumar, R Nugent et al differences in sleep time associations between men and women found in our and other studies. Alternatively, sex hormones and reproductive events could explain the differences between men and women. In particular, women have reduced sleep time and sleep efficiency during the post partum period. [13] [14] [15] These changes and maladaptive sleep schedules associated with family responsibilities could cause chronic sleep restriction in some women, resulting in changes in leptin and ghrelin and chronic weight gain.
Our study has several important limitations and illustrates the inherent complexity in studies with patients with chronic medical problems. The self-reported information clearly depends on patient recall. Patients may have subconscious preferences for the time they report or report "what's expected." However, other reports have described a good correlation between sleep questionnaires and other measures of sleep. 4 In addition, we do not know whether short sleepers voluntarily restrict their sleep or involuntarily restrict their sleep secondary to medical or environmental disturbances; this difference could have important implications in pathogenesis. Most studies on sleep time and obesity have focused on short sleep times and have examined physiological pathways that could explain the effect of sleep restriction on BMI. Long sleepers likely differ substantially from short sleepers, and the explanation between long sleep times and an increased BMI is uncertain. Chronic poor health, depression, and/or low socioeconomic status could be causal factors in this group. 16 Clearly, the metabolic studies reported by Taheri, et al do not provide a plausible hypothesis since leptin levels increased and ghrelin levels decreased with longer sleep times. Finally, our study, like most others, did not provide any information about the quality of sleep which may also influence the health effects related to sleep.
In summary, this study found that shorter sleep times in patients with chronic medical problems are associated with an increased likelihood of obesity. The subgroup analyses reveal a Ushaped curve in women with an increased prevalence of obesity in both short sleep periods and longer sleep periods. Future clinical studies should focus on narrower questions (such as the effect of sleep in a single disease states, e.g., diabetes 17 ), on each gender separately, on the causes of sleep restriction (voluntary or involuntary), on therapeutic interventions, and/or on data collection which does not completely depend on patient recall. 18 Physicians probably should include this information in patient management. In particular, optimal sleep time may promote weight loss.
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